Soil salinity is a major abiotic stress that limits plant growth, and inoculating plant growthpromoting rhizobacteria is a well-known strategy to reduce stressors under adverse soil conditions. This study was conducted to assess the effect of halotolerant phosphate-solubilising bacteria (PSB) on protecting peanut against salt stress. Four candidate strains: Bacillus megaterium (YM13), Enterobacter sp. (YM14), Providencia rettgeri (TPM23) and Ensifer adhaeren (TPMX5)
| INTRODUCTION
Saline soil is a serious global environmental problem that limits plant growth and productivity because of unfavourable physical, chemical and biological properties. In most saline soils, the growth of plants is stunted due to the uptake of sodium ions, which also causes nutrient deficiency (Dodd & Perez-Alfocea, 2012; Shrivastava & Kumar, 2015) .
Remediation of salt-affected areas with efficient, low-cost and adaptable methods is highly desirable, yet challenging. Inoculation of beneficial microorganisms has become a promising alternative in eco-friendly and sustainable agriculture (Arora, 2016) . The use of plant growth-promoting bacteria (PGPR) may prove useful in assisting plants to cope with various biotic and abiotic stresses (Shameer & Prasad, 2018; Shrivastava & Kumar, 2015) . Phosphorus (P) is one of the most important nutrients that is required for plant growth. Even though some soils may have high levels of total P in alkaline soils, around 60-70% of the P applied to soils is converted to the immobile form by precipitation with calcium ions (Ca 2+ ) and magnesium ions (Mg 2+ ) that plants cannot take up, and thus remain P-deficient for plants (Gyaneshwar, Kumar, Parekh, & Poole, 2002) .
Phosphate-solubilising bacteria (PSB) are a group of beneficial microorganisms that can solubilise insoluble P and have the ability to maintain the nutrient status of saline soil. The role of PSB in plant growth promotion, nutrient management and stress mitigation is well-known (Alori, Glick, & Babalola, 2017) .
Recently, halotolerant PSB have attracted the attention of agriculturists for use as biofertilizers to improve plant growth and yield in saline soil. Bacteria belonging to various genera, including Bacillus spp., Pseudomonas spp., Enterobacter spp. and Burkholderia cepacia have been reported to improve stress tolerance of host plants under saline environments (Kaushal & Wani, 2016) . The beneficial traits of PSB that elicit stress tolerance in plants include the ability to produce indole acetic acid (IAA), abscisic acid (ABA) and gibberellic acid (GA3) under salt stress. Halophilic and halotolerant microorganisms that have PGP activities under salt stress are even more significant in increasing crop yield. Dias et al. (2009) have reported that a Virgibacillus strain has IAA-producing and phosphate solubilisation potential under salt stress. Similarly, Bacillus subtilis, Bacillus atrophaeus, Bacillus spharicus, Staphylococcus kloosii and Kocuria erythromyxa have IAAproducing activity and phosphate-solubilising activity that enhances the growth and yield of strawberry under salt stress (Yildirim, Turan, Ekinci, Dursun, & Cakmakci, 2011) . Microbes adjust the plant hormonal balance not only by secreting growth regulators but also by inducing their synthesis within the plant (Cabot, Sibole, & Poschenrieder, 2014 ). Zhao and Zhang (2015) has shown that exposure of Trichoderma asperellum Q1 in liquid medium increases IAA levels in cucumber, while also improving root length and number of root tips, thereby leading to an enhanced uptake of nutrients and improving plant health under saline stress conditions. The survival of introduced bacteria in the rhizosphere is crucial to generate significant effects and is dependent on the physiological adaptation of the introduced organisms to biotic and abiotic factors. However, the relationship between root colonisation and promoting of plant growth under saline soil has not been thoroughly investigated yet.
Peanut (Arachis hypogaea L.) is an economically valuable crop. The production of peanut has shown to be repeatedly hampered by high salt, which ultimately leads to severe losses in yield. Azotobacter can serve as an N source by fixing free N in the air. Moreover, salinity induces phosphate solubilisation, which ultimately leads to lower crop yield (Fabra et al., 2010) . For this process, soluble P content is a key factor in saline soil of low fertility. Furthermore, peanut is moderately salt tolerant and is extensively affected by salinity stress as its habitat includes arid or semi-arid regions, and no new salt-tolerant varieties have been established (Haldar, Roy Choudhury, & Sengupta, 2011) .
Using beneficial bacteria to eliminate salt stress in peanut is thus a promising method.
PSB have been successfully used as inoculation agents to eliminate salt stress in different crops, such as Tagetes minuta, tomato, wheat, etc. (Egamberdieva, Davranov, & Wirth, 2017; Kadmiri et al., 2018; Sahay & Patra, 2013 Approximately, 200 μL of the isolates with the same concentration
(1 × 10 8 CFU/mL) were incubated and cultured at 28 C for 3 days.
Uninoculated medium was used as control. Flasks were used as biological replicates (n = 3), and each one was measured thrice (i.e., technical replicates). Growth of PSB strains was determined by ultraviolet spectrophotometry at the optical density of 600nm. The amount of soluble P in the broth was estimated by the molybdenum blue method with absorbance at a wavelength of 660 nm (Murphy & Riley, 1962) .
| Effect of carbon and nitrogen supplementation on P release
The effect of carbon and nitrogen on phosphate solubilisation by the strains was tested by growing them in TPM liquid culture with 5 g/L different C source (mannitol, glucose, sucrose, raffinose) and N sources (NH 4 NO 3 , (NH 4 ) 2 SO 4 , KNO 3 , peptone); Each processing inoculant (1 mL) was placed into 100 mL of the TPM liquid at a concentration of 1 × 10 8 CFU/mL. Three replicates were prepared for each assay. Uninoculated media were used as controls. The ability to solubilise phosphorus was tested using the molybdenum blue method (Murphy & Riley, 1962) . 2.4 | Determination of IAA, GA and ABA levels in culture broth
About 1 mL aliquots of inoculum cultures at a density of 1 × 10 8 CFU/ mL were added into 100 mL TPM with and without 500 mmol/L NaCl.
These were then cultured at 28 C with shaking at 180 rpm for 3 days.
All experiments were performed in triplicate and the IAA, GA or ABA content in the culture supernatants was measured using an ELISA kit (Shanghai Yuanye Biotechnology Co. Ltd., Shanghai, China).
| Seed germination testing
The peanut seeds (HY33) were provided by Shandong Peanut
Research. Seeds of uniform size were surface-sanitised by immersion in 75% ethanol for 1 min and then in 10% NaClO 3 solution for 10 min, followed subsequently by thorough washing with sterilised distilled water. To inoculate seeds with the candidate PSB strains, the seeds were dipped into respective overnight cultures at a concentration of 1 × 10 8 CFU/mL, and uninoculated media was used as control. The seeds were laid flat on a tablet lined with sterile filter paper and sterile distilled water that contained 0.1 M NaCl and then allowed to germinate. Every treatment was repeated thrice.
Seed germination was scored when the radicle had emerged, and monitored after 7 days. In addition, the length of peanut seedling radicles was measured and averaged based on all germinated seeds to determine whether the bacteria promoted radicle elongation (n = 20).
| Effect on peanut growth
The peanut seeds were treated as described in Section 2.5 and used in pot experiments. The pot experiment followed a complete rando- At maturity, all plants in the three replicates of each treatment were harvested to measure the root length, stem length, number of leaves, as well as the fresh shoot and root weights. Subsequently, roots and shoots were washed several times with deionised water, and dry weight was recorded after drying at 80 C for 7 days. After collecting the plants, rhizospheric soil samples were taken from the pots of each treatment group for the determination of P and pH (H 2 O) in soil as described by Mehlich (1953) .
| Assays of bacteria colonisation in peanut rhizosphere
To test whether PSB could successfully colonise the peanut rhizo- 
| Statistical analysis
Factorial design was applied to determine the average performance of P solubilisation, antibiotic resistance ability and plant hormone production. Seed germination and radicle length were analysed by oneway analysis of variance (ANOVA) measures (p < 0.05; F-test). To analyse the pot experimental data in terms of the effect of inoculation and soil condition, a two-factor ANOVA test was conducted using SPSS (SPSS Inc., Chicago, USA) version 13.0 (p < 0.05; F-test). Differences were detected by the standard error of difference (SED) and the least significant difference (LSD) at p < 0.05 level.
3 | RESULTS
| NaCl tolerance of the phosphate-solubilising bacteria
All isolates showed strong resistance to NaCl, even at a concentration of 1.4 M ( Figure 1a ). The growth of phosphate-solubilising strain TPM23 was observed to gradually decrease with increasing NaCl con- were able to grow in medium with glucose ( Figure 2b ). The most suitable C source order for YM14 and YM13 was raffinose > mannitol > glucose > sucrose. Raffinose was the best carbon source for the phosphate solubilisation (p < 0.01), except for TPMX5. The best nitrogen source for strain TPMX5 was glucose (p < 0.05).
| The sensitivity and resistance of PSB to antibiotics
We tested the sensitivity and resistance of PSB to antibiotics by plate assay (Table 1) . Strains YM14, TPM23 and TPMX5 had a natural resistance to ampicillin but not to kanamycin and rifampicin at a concentration of 100 μg/mL. When the kanamycin concentration was greater than 20 μg/mL, all four strains showed resistance. The YM13 and YM14 strains showed resistance when rifampicin concentrations were >50 μg/mL, whereas TPM23 and TPMX5 did not grow at the same concentration.
3.4 | Analyses of IAA, GA and ABA production by PSB
Results showed significant differences (p < 0.05) in the capability of PSB in producing IAA, GA and ABA whether grown in the presence or absence of NaCl (Figure 3a,c) . Compared to the salt-free control, the levels of IAA, GA and ABA produced by YM13 increased by 2.35, 16.27 and 27.30%, respectively, Similarly, the levels of IAA, GA and ABA produced by YM14 increased by 6.00, 27.75 and 4.00%. However, compared to the salt-free control, the IAA, GA and ABA levels of TPM23 and TPMX5 decreased by 16.89, 18.40, 6.85% and 9.30, 27.59, 6 .13%, respectively.
| Germination and length of emerging seedling radicles
Germination and length of emerging seedling radicles were affected by salt stress and bacterial suspensions ( Table 2 ). The germination and radicle length decreased (p < 0.05) as salt stress increased. However,
Effect of salt concentrations on phosphate-solubilising ability (a) and biomass of phosphate-solubilising bacteria (b) cultured in tricalcium phosphate medium (TPM). Vertical bars represent the mean AE SEM. The amount of soluble P in the culture supernatant of cells grown in TPM for 3 days at 28 C was measured by the molybdenum blue method. Bacterial growth was determined by optical density at OD = 600 nm Note. "++": no growth inhibition; "+": minimal growth inhibition; "−": extensive growth inhibition.
the inoculated seeds showed statistically significant effects (p < 0.05) on generation rate and radicle length compared to the control. Under 0.1 M NaCl conditions, peanut seeds in control treatments that were surface sterilised with 0.1 M NaCl, but not inoculated with bacteria, showed a 73% germination rate 7 days after inoculation. At 0 M NaCl, most of the peanut seeds had germinated, but the inoculation of bacteria increased the length of the radicles. TPMX5 showed the highest rate of increase in radicle length (22. 
| Effect of PSB on peanut growth
The yield-attributing parameters of peanut were significantly influenced by the factors studied, that is, inoculation with or without PSB, soil conditions and their interaction (Supporting Information Table 1 ).
The effects of salt stress and soil conditions on different bacterial inoculations were assessed in relation to peanut growth parameters and biomass (Table 3) . Salt stress conditions reduced peanut growth;
however, the adverse effects were amended by PSB inoculation. Peanut root length, stem length and leaf number were increased significantly (p < 0.05) through PSB inoculation, compared to the uninoculated control. When plants grown in the soil mixed with FIGURE 3 Assay of indole acetic acid (IAA, a), gibberellic acid (GA, b) and abscisic acid (ABA, c) produced by four phosphate-solubilising bacteria in the presence or absence (control) of salt. Inoculum cultures with a same density were cultured in tricalcium phosphate medium with and without 500 mmol/L NaCl for 3 days at 28 C. The IAA, GA or ABA content in the culture supernatants was measured by ELISA procedure.
Vertical bars indicate the mean AE SEM and show the least significant difference at 5% for comparison of treatments 3.7 | Analyses of IAA, ABA and GA in peanut leaves
Peanut leaves harvested from potted experiments were used to determine the content of endogenous hormones. Changes in endogenous hormone content in peanut leaves were shown as response to both bacterial inoculation and soil conditions (Figure 4a ,c; Table S2 ). The content of IAA and GA levels significantly decreased (p < 0.05) under salt stress compared to the controls. In contrast, minimal changes in Note. Peanut seeds with or without inoculation, the phosphate-solubilising bacteria were grown in four soil conditions: T0 (containing 1.5 kg of autoclaved soil), T1 (1.5 kg of autoclaved soil added with 1.46 g/kg NaCl), T2 (1.5 kg of autoclaved soil added with 1 g/kg Ca 3 (PO 4 ) 2 ), T3 (1.5 kg of autoclaved soil with both 1.46 g NaCl and 1 g/kg Ca 3 (PO 4 ) 2 ), harvested 45 days after inoculation. For each inoculation treatment, values are expressed as the mean of three pots (with five peanut seeds per pot). Characteristic with a significant change between treatments are indicated in different letters (P <0.05). a Two-factor analysis of variance performed for the factors "soil conditions" and "inoculation with or without PSB. increase was observed for strain TPM23 in the soil with NaCl.
| PSB survival in peanut rhizosphere
All PSB showed good colonisation and remained viable in soil for up to 45 days ( Figure 5 ). All the PSB showed the same colonisation trend under various soil conditions. However, the PSB were the most viable in soil mixed with Ca 3 (PO 4 ) 2 . The colonisation of all PSB increased after inoculation, and peaked after 15 days, and then decreased. 
| DISCUSSION
The beneficial effects of PSB on plant growth varied depending on environmental conditions and bacterial strains (Cakmakci, Donmez, & Aydin, 2006 ). An important factor to be considered when selecting isolates as candidates for inoculation is their activity in the range of environments in which they will be used. With this consideration in mind, we tested the salt tolerance and phosphorus-solubilising ability of the four selected isolates under high salt concentrations. They could grow and show phosphate-solubilising ability under high salt concentrations. These findings are consistent with the results of previous studies showing that the PSB require NaCl for better solubilisation of inorganic phosphate (Gupta, Kiran, Gulati, Singh, & Tewari, 2012) . However, Xiao, Chi, Li, Min, and Xia (2011) reported that salt concentrations >0.4 M decreased phosphate solubilisation activity of the stress-tolerant phosphate-solubilising strains. In the present study, all the tested PSB showed high phosphorus-solubilising ability even under 1 M NaCl. Halophilic and halotolerant microorganisms that have phosphate-solubilising ability under salt stress can significantly increase crop yield (Vassilev, Vassileva, & Nikolaeva, 2006) . All four strains demonstrated diverse levels of phosphate solubilisation activity in the presence of various carbon and nitrogen sources, indicating highly efficient phosphate solubilisation, which is consistent with the findings of Nautiyal et al. (2000) and Seshadri, Ignacimuthu, and Lakshminarasimhan (2004) , who also demonstrated that biochemistry of C and N play a role in the phosphate solubilisation process.
Previously, the effectiveness of PSB for inducing salt tolerance and consequently increasing growth and yield for little marigold, tomato and wheat was demonstrated by Egamberdieva et al. (2017) , Kadmiri et al. (2018) and Sahay and Patra (2013) . However, there is no report about the contribution of PSB strains to the growth of peanut crops under salt stress, and it must be taken into account that plants are often more sensitive to salinity during germination and seedling growth stages. Thus, in this study, the effect of PSB inoculations on peanut germination and radicle length with and without salt
were assessed. The results revealed that the inoculated seeds showed statistically significant effects on germination and radicle length under FIGURE 4 Effect of the factors "inoculation" (control non-inoculated or inoculated with phosphate-solubilising bacteria) and "soil condition" (Ca 3 (PO 4 ) 2 or 100 mM NaCl) on the level of IAA (a), GA (b) and ABA (c) in peanut leaves after 45 days using two-factor analysis of variance (p < 0.05; F-test). Values are the means of three pots (with six peanut seedlings each). Vertical bars represent the mean AE SEM salt conditions. Similar improvement of germination and radicle length has been reported with inoculation of salt-tolerant isolates on bean and rice (Kumar, Amaresan, & Madhuri, 2017; Ng, Sariah, Sariam, Radziah, & Zainal Abidin, 2012) . Furthermore, we explored the possibility of using PSB to mitigate NaCl effects on peanut seeding growth. In the current study, salt-stress affected peanut plants showed a significant reduction in their growth parameters and biomass. This reduction was ameliorated by the inoculation with selected PSB. These results show that the PSB are able to promote the growth of peanut under saline conditions.
Beneficial microbes such as those in the genera Bacillus (Prabhu, Borkar, & Garg, 2018) and Enterobacter spp. have been reported to increase plant growth under salt-stress conditions.
In our study, P. rettgeri (TPM23) and E. adhaerens (TPMX5) candidates were tested on the inoculation of peanut plants for the first time. Peanut inoculation with TPM23 (P. rettgeri) caused marked increase in growth parameters compared to peanut plants inoculated with B. megaterium (YM13), Enterobacter YM14 (YM14) and E. adhaerens (TPMX5), indicating its potential to promote the growth of peanut under saline conditions. Calcium phosphate is the major inorganic phosphorus compound in saline soil, which is not readily available to plants as a source of phosphorus (Patel, Patel, Vl, & Jha, 2016) . Additionally, the present study is also the first to report the contribution of PSB to the growth of peanut crops through the solubilisation of Ca 3 (PO 4 ) 2 under saline conditions. Furthermore, an improvement in peanut growth parameters and remarkable level of stress alleviation was detected, which may be related to the PSB dissolving Ca 3 (PO 4 ) 2 enhancing available P for plants, which might increase salt stress tolerance of plants. Zhao and Zhang (2015) found that cucumber plants treated with T. asperellum Q1 and Ca 3 (PO 4 ) 2 can alleviate the inhibitory effect of salt stress on phosphate solubilisation. This clearly demonstrates that the halotolerant PSB play an important role in promoting plant growth in saline soil. It also indicates that inoculation with PSB combined with Ca 3 (PO 4 ) 2 is an economical and sustainable strategy for improving the growth and nutrient accumulation of the peanut plants.
In order to acquire effective induced resistance in plants, high densities of 1 × 10 5 CFU/g of root of a previously cultured PGPR strain in soil are required (Raaijmakers et al., 1995) . Our findings indicate that the PSB can colonise roots in both non-saline and saline soils and are viable for up to 45 days in all soil conditions. Egamberdieva et al. (2017) demonstrated the colonisation potential of P. chlororaphis TSAU13 and P. extremorientalis TSAU20 strains on tomato roots under saline soil conditions. Similar results were also described by Shahid and Khan (2018) and Shankar, Ponraj, Ilakkiam, and Gunasekaran (2011) . It has been reported that the successful rhizosphere colonisation of PGPR is affected by a variety of stressors, such as drought, temperature, salinity and soil type FIGURE 5 Root colonisation of phosphate-solubilising bacteria under different soil treatments. T0 (containing 1.5 kg of autoclaved soil), T1 (1.5 kg of autoclaved soil added with 1.46 g/kg NaCl), T2 (1.5 kg of autoclaved soil added with 1 g/kg Ca 3 (PO 4 ) 2 ), T3 (1.5 kg of autoclaved soil with both 1.46 g NaCl and 1 g/kg autoclaved). Bacterial growth expressed as colony forming units was evaluated on tricalcium phosphate medium plates containing 100 μg/mL ampicillin plus either 20 μg/mL kanamycin or 20 μg/mL rifampicin, respectively. Vertical bars represent the mean AE SEM (Compant, Clément, & Sessitsch, 2010) . In our study, the potential of PSB strains was slightly inhibited by salt stress compared to control conditions. However, we found that PSB are more viable in soil with Ca 3 (PO 4 ) 2 sources compared to control soil without Ca 3 (PO 4 ) 2 . This indicates that Ca 3 (PO 4 ) 2 acts as a beneficial substrate for the proliferation and survival of tested PSB. Similar results were also demonstrated by Yu et al. (2011) . The potential colonisation ability of PSB can be one of the mechanisms to ameliorate the soil salinity. Thus, amending soil with insoluble Ca 3 (PO 4 ) 2 will raise the colonisation and survival of PSB, further promoting plant growth under saline soil conditions. In addition to their potential for solubilising phosphate and root colonisation under salt stress, PSB also showed plant growthpromoting activities such as elevating the content of IAA, ABA and GA3. Phytohormones strongly interact with each other and play a critical role in assisting plants to adapt to stress conditions (Planchamp, Glauser, & Mauchmani, 2015) . Phosphate-solubilising bacteria secrete a wide array of phytohormones including IAA, ABA and GA3, and the role of these plant growth regulators is well known even under stress conditions (Khan, Hamayun, Kim, Kang, & Lee, 2011; Radhakrishnan, Khan, Kang, & Lee, 2015) . In our study, YM13 and YM14 showed a higher ability to produce IAA, GA and ABA under salt stress compared to the control, whereas TPM23 and TPMX5 showed a lower ability to produce IAA, GA and ABA under salt stress compared to the control.
The levels of endogenous phytohormones in peanut leaves also changed as a result of inoculation with these PSB, demonstrated by the results of our pot experiments. This view is supported by the work of Dhanushkodi, Lakkineni, Pranita, Sajad, and Kannepalli (2014) . PGPRs are known to release IAA, and the production of IAA has the potential to positively regulate salt stress tolerance of plants (Mehta et al., 2013; Nakbanpote et al., 2014) . IAA-producing microorganisms increase the root growth and root length of plants that enables the plant to obtain more nutrients from the soil (Mapelli et al., 2013) . In the present study, IAA concentrations positively correlated with plant growth parameters and biomass, consistent with the findings of Dhanushkodi et al. (2014) indicating that the IAA production by halotolerant and halophilic microorganisms is crucial for plant growth under salt stress. In addition, the association of PSB with plants can regulate ABA synthesis (Zhang, Jia, Yang, & Ismail, 2006 ). In the current study, peanut plants showed higher ABA accumulation in plants exposed to salt stress than in controls, whereas this decreased when inoculated with PSB. A similar decrease in ABA concentration has also been reported in tomato (Li et al., 2017) . Gibberellins affect seed germination and play an important role in plant salt tolerance (Daviere & Achard, 2013) . Pseudomonas putida H-2-3, which secreted gibberellins when inoculated into soybean plants, could alleviate drought and salinity stress (Kang et al., 2014) . Similarly, our results also showed that inoculation of PSB increased both the peanut seedlings growth and the content of GA in peanut leaves, whether there was salt stress or not.
The potential application of PGPR in agriculture affects not only plant growth but also soil properties. Lowering soil pH value is one of the main mechanisms responsible for converting insoluble phosphorus source into the available form (Frantsi & Savan, 2007; Vyas & Gulati, 2009 ). However, the soil solution pH changed little under any of the conditions in the present study. This result is consistent with those of Martins Da Costa, de Lima, Oliveira-Longatti, and de Souza (2015) , who demonstrated that the solubilisation of insoluble inorganic phosphates is not always associated with the lowering of the soil pH. However, inoculation of PSB have great practical importance for the available soil P. Zaidi, Khan, and Amil (2003) reported significant improvement in P availability for plants through PSB inoculation.
Organic fertilisers such as manure and compost consist of many nutrients bound in different mineral and organic compounds and have FIGURE 6 Effect of phosphate-solubilising bacteria and different soil treatments on the level of P available in the rhizospheric soil. Results were analysed by using two-factor analysis of variance (p < 0.05; F-test). Vertical bars represent the mean AE SEM been proven to have equivalent or better effects on plant yields and plant P nutrition than mineral fertilisers (Adesemoye & Kloepper, 2009 ). In our experiment, with the application Ca 3 (PO 4 ) 2 , higher levels of available P in the soil were observed compared to unmodified soil.
The contribution of calcium phosphate solubilisation to growth and plant nutrition has been reported by Krey et al. (2013) . Also, the higher soluble P in the soil consequently elevated all growth parameters and biomass of peanut, similar to the findings that were reported by Gupta et al. (2012) . Overall, the four salt-tolerant PSB have the potential to be used as biofertilizers for saline soils. In addition, the present study provides important insights on the use of plant-microbe interactions to improve plant growth under salt stress.
